EXTRACTS of the small intestine of the horse and other animals contain five vasodilator substances-histamine, choline, acetylcholine, adenylic acid, and the unidentified substance P (Euler and Gaddum, 1931; Gaddum and Schild, 1934; Euler, 1936) . It is possible to obtain fairly accurate pharmacological estimates of the concentrations of all these five substances independently of one another. These pharmacological methods of estimation have the advantage that they are usually much more sensitive than chemical methods and can be applied to concentrations which the chemist could never detect. It is clear, however, that a certain amount of care is needed in the interpretation of the results. If a simple extract of intestine is injected into a cat, it will cause a fall of blood-pressure. All the five substances mentioned will contribute to this fall of blood-pressure, and there is nothing to be gained by comparing the activity of the extract with any standard substance, such as histamine. The result will depend on the particular cat used, the anasthetic, and a host of other factors.
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If acid is added to such an extract and the solution is then boiled, three of these five substances are destroyed. The histamine and the choline both survive this treatment, but the vasodilator effect of choline can be abolished by the injection of atropine. Schild and I eventually obtained quite good evidence that, if an extract of intestine was boiled with acid and then tested on a cat which was under the influence of atropine, its effect was entirely due to histamine. Other methods of assay were worked out for the other four vasodilator substances-but there is no need to consider these in detail now.
The same methods of pharmacological analysis were then applied to blood.
Normal blood contains many pharmacologically active substances.
(1) The presence of choline in blood has, of course, been known for a long time.
(2) The normal blood of a horse also contains a very small quantity of a choline ester, presumably acetylcholine (Chang and Gaddum, 1933) . The quantity normally present is minute, and since it is inside the corpuscles, it cannot have any pharmacological action in vivo.
(3) Blood also contains fairly large quantities of adenylic acid (about 01 per cent.). This is mostly inside the cells, but the plasma also contains appreciable quantities. When blood clots, or when citrated blood is shaken up in a glass vessel, more adenylic acid is formed, so that the total amount that can be extracted from the blood may be about doubled (Barsoum and Gaddum, 1935) . (4) It has long been known that when blood clots or is agitated, it also liberates a second substance called speatgift, or vasotonin, which is rather unstable and which has a vasoconstrictor action (for references see Gaddum, 1936) . (5) Extracts of rabbit's blood also contain another quite different substance. According to the tests used for extracts of intestine, this substance is histamine. This was a surprising discovery, SEPT.-THERAP. 1 because a number of attempts to detect histamine in normal blood have been unsuccessful. These failures were probably due to the use of species of animals with comparatively little histamine in their blood. If these other bloods are tested by the crude method used for rabbit's blood thev appear quite inactive, but if the extracts are concentrated it is possible to detect a small but definite amount of histamine activity. The following method was worked out by Gorgi Barsoum in Cairo. The proteins are precipitated with trichloracetic acid; after filtration, hydrochloric acid is added and the extract is boiled. This destroys adenylic acid and the vasoconstrictor substances. The extract is then taken down to dryness; the histamine is extracted from the dry residue with alcohol. Most of the inorganic salts are not dissolved. The extract is then dried again and taken up in water. It is then tested, in comparison with histamine, for its effect on guinea-pig's intestine. For this purpose a piece of the jejunum is hung up in a thermostat, in a small bath containing 2 c.c. of Tyrode's salt solution to which atropine has been added to abolish effects due to choline. Oxygen, or air, is bubbled through the tube. The other end of the muscle is attached to a lever which writes on a smoked drum. The addition of about one-tenth of a c.c. of 1: 5,000,000 histamine to the bath causes a large contraction of the muscle. The effect of the extract and a standard histamine solution are compared by giving theni alternately and altering the doses until a match is obtained. It is possible to calculate from the result what must have been the concentration of histamine in the original blood. This method of testing has certain disadvantages; it is hoped that it will be possible to simplify the technique. Meanwhile, quite a number of interesting observations have been made by Gorgi Barsoum's original method.
The evidence that histamine itself is the active substance in these tests depends on a number of different kinds of experiments. The method of extraction ensures that the final extract only contains substances which are stable in acids, soluble in water and alcohol, and insoluble in ether. The fact that atropine is present in the bath in the final test excludes choline. No substance other than histamine is known which is present in tissues and has the necessary physical and pharmacological properties to survive this treatment, and give this reaction. When rabbit's blood was extracted in this way, the extract was found not only to cause a contraction of guinea-pig's intestine; it also caused a contraction of a hen's rectal cecum and it caused a fall of blood-pressure in a cat. When it was compared with histamine by means of these three reactions, all three types of test agreed quantitatively with one another as to the amount of histamine present in the extract.. This is quite strong evidence of identification. It may be compared with one kind of evidence which chemists use for identifying unknown substances. They prepare a number of salts of the substance, and if the melting points of these salts correspond with the melting points of the corresponding salts of some known substance the identification is regarded as established. Quantitative agreement among different kinds of pharmacological test has similar evidential value.
The identity of these substances in blood extracts has been confirmed in other ways. If a large excess of histamine is added to a bath containing a piece of intestine, the muscle contracts vigorously, but the contraction does not last very long. After a number of minutes it relaxes again, although the histamine is still present in the bath. This relaxation occurs because the muscle becomes insensitive to histamine. The addition of a small dose of histamine now has no action on the muscle, but other drugs still act on the muscle in a normal way.
It is possible to use these facts to test whether the effect of an extract is due to histamine or not. After a test is otherwise finished a large excess of a known solution of histamine is added to the bath, and when the muscle has relaxed the extract is tested again. If its action is due to histamine it should be abolished by this treatment. This test appears to be specific. The actions of barium, acetylcholine, adrenaline, adenosine, acid, alkali, or of distilled water, have been found to survive this treatment.
This test can be used either in experiments with the guinea-pig's intestine or with the hen's rectal cacum. The latter is usually more convenient to use, because it is more quickly paralysed by the high concentration of histamine in the bath. A number of such experiments have been made, and the results have always confirmed the view that the effect of the specially prepared extracts on the guinea-pig's intestine, or the hen's rectal ccum was mostly due to histamine. I think there can be little doubt of this conclusion, though constant checking will be necessary. On the other hand, this would not justify the view that histamine is present in a free and active form in the concentrations which the results would suggest. These extracts are subjected to prolonged boiling in the presence of strong acid. The purpose of this boiling is to destroy other pharmacologically active substances which would interfere with the test. One of its effects may be to liberate histamine from an inactive precursor. The evidence on this latter point is still incomplete.
Assay of an extract on guinea-pig's ileum in a 2 c.c. bath. After each effect the drum was stopped, and the solution changed. H = histamine. The figures denote cubic centimetres of a 1: 5 million solution, added to the bath. The alternate doses are 0.1 c.c. of an extract. This was equivalent to 0.09 c.c. of the histamine solution.
Tarras-Wahlberg (1936) has taken citrated rabbit's plasma and tested it directly on guinea-pig's ileum. He compared its activity with that of histamine and took the result as an estimate of the free histamine. He also took aniother sample of the same plasma and extracted it by the method described by Barsoum and Gaddum. He took the result as an estimate of the total histamine. This cannot be accepted as it stands because the untreated plasma contains not only histamine, but also adenylic acid, which has the opposite action on the intestine. It is not clear whether the effect of extraction in increasing the activity is due to liberation of " bound " histamine or to destruction of adenylic acid. The untreated plasma did, however, have histamine-like activity. The results therefore suggest that some of the histamine was free, though they failed to prove conclusively that any of the histamine was bound. Tarras-Wahlberg also described experiments in which.plasma was dialysed, and the histamine content of the dialysate taken as an estimate of the free histamine. Adenylic acid may have vitiated these results also. It would, of course, be possible to exclude the action of adenylic acid in these experiments by boiling the dialysate with acid, but even then the result would not give a satisfactory estimate of the free histamine because dialysis is likely to upset the equilibrium between free and bound histamine.
The evidence that the histamine of the plasma can be divided into two fractions is thus inconclusive. There is, however, evidence that a certain proportion of the histamine of whole blood comes from the cells of the blood. In rabbit's blood the concentration of histamine activity in the cells may be five or ten times that in the plasma. In dogs the concentrations are approximately equal. There is evidence that histamine may pass in and out of the cells under conditions which have not yet been exactly defined. The histamine in the cells is liberated fairly rapidly under certain conditions. For example, it is known that the kidney contains large quantities of histaminase, an enzyme which destroys histamine. If blood containing a large excess of histamine is perfused through the kidney, the histamine rapidly disappears from the blood. Code (1936) has found that, after normal dog's blood has been perfused through a kidney for some time, it contains no detectable histamine at all. The kidney removes not only all the histamine from the plasma, but also all the histamine from the cells. It seems clear that the histamine in the cells must have diffused out as the plasma histamine was reduced by the kidney. Anrep, Barsoum, and Talaat (1936) have reached the same result in other ways.
They collected blood from the renal vein in an anesthetized dog and found that its histamine equivalent was much less than that in the arterial blood. The kidney appeared to be constantly removing histamine from the blood at a rapid rate. In other experiments they made a dry preparation of histaminase from dog's kidney. When solutions of this dry enzyme preparation were added to dog's blood they were found to destroy completely all the histamine in the blood in fifteen minutes. Again it seems that the histamine in the corpuscles must have soon diffused out. Incidentally these observations strengthen the evidence that the substance detected in these tests is actually histamine itself. If the enzyme preparation had been purified so as to remove all other enzymes, the fact that it destroyed the histaminelike activity would have been very convincing. This was not done, and it is possible that the preparation contained other enzymes which might be imagined as destroying some other hypothetical unknown substance.
These questions of the state in which histamine occurs in the blood are of theoretical importance. It would clearly be unsafe to assume that blood with a high histamine content would have effects in the body identical with those of a simple solution containing the same total quantity of histamine. This assumption is, however, unnecessary. It has been shown that under certain experimental conditions the blood histamine extracted by these methods is increased. This histamine must have passed from the tissues into the blood and there is nothing to suggest that the release of this active substance has no physiological significance. The fact that the extracts are boiled in acid before testing has led to the suggestion that the results should not be taken at their face value because it is possible that the acid liberates histamine from an inactive precursor. Unfortunately it is not, at present, possible to make a reliable estimate of the histamine without first destroying other pharmacologically active substances with acid. Meanwhile it is surely unnecessary to consider the theory that when there is dilatation of the capillaries similar to that which histamine produces, and when histamine is shown to be liberated, this bistamine was liberated in an inactive form, and its liberation had no connexion with the vasodilatation except that they both occurred simultaneously and in the same place. I now come to a discussion of the conditions in which histamine is released. There is no need to refer in detail to the work of Sir Thomas Lewis which first drew attention to a substance released in the skin and resembling histamine so closely in its properties that a less cautious observer would have assumed at once that it was histamine-and there is no evidence that he would have been wrong.
(1) The first pharmacological demonstration of the release of histamine was in connexion with experiments on anaphylaxis. In 1932, Bartosch, Feldberg, and Nagel demonstrated the release of histamine when the perfused lungs of a guineapig were subjected to anaphylactic shock. In the same year Gebauer-Fiilnegg, Dragstedt and Mullenix demonstrated histamine both in the lymph and in the blood coming from the liver of a dog during anaphylactic shock. In the latter case the evidence depended on extracting the lymph or blood, and measuring the total histamine by means of pharmacological tests.
(2) Last year, Barsoum and I (1935) found that if the circulation in a dog's leg was stopped for ten or twenty minutes, the first samples of venous blood collected after the circulation was released contained more histamine than the arterial blood. We were of the opinion that this released histamine is one of the factors causing reactive vasodilatation when the circulation is released after temporary stoppage.
(3) Anrep and Barsoum (1935) followed this work up. They collected the blood coming from a dog's gastrocnemius. When the muscle was perfused with blood at high pressure, the histamine content of the venous blood was equal to that of the arterial blood. When the perfusion pressure was lowered so that the muscle was less efficiently perfused, and was thus relatively anaemic, the muscle released histamine into the blood. When the motor nerve was stimulated and the muscle contracted, very, large quantities of histamine were released, and the histamine content of the venous blood rose to ten times its original value. When curare was given in sufficient doses to paralyse conduction from nerve to muscle, no histamine was liberated as a result of stimulating the nerve. It is, therefore, probable that the histamine is liberated as a direct consequence of the muscular contraction, and not as the result of stimulation of nerve-fibres in the sciatic, which might be supposed to have the special function of liberating histamine. The quantities of histamine liberated in these experiments we're sufficient to cause a marked dilatation of the capillaries in the muscle. It therefore seems likely that the capillary dilatation which occurs in actively contracting muscle is due to the release of histamine.
(4) Anrep, Barsoum, and Talaat (1936) then began experiments on the release of histamine from the heart. They collected blood from the coronary sinus in a dog's heart-lung preparation and found that the heart was constantly releasing histamine. The rate at which histamine was released was greatly increased by various factors which cause dilatation of the coronary vessels. It was increased by increasing the pressure against which the heart worked, by injecting adrenaline, by anoxemia, and by carbon dioxide, but it was not increased when the blood-flow through the vessels was increased by increasing the pressure in the coronary artery. In all the conditions in which extra histamine was released there was an increased flow in the coronary vessels, but the histamine was not washed out as a result of the increased flow. The increased flow was partly due to vasodilatation, and Anrep, Barsoum, and Talaat suggest that the vasodilatation was the result of the liberation of histamine. If the blood was centrifuged as soon as it was collected, there was a large increase in the histamine content of its plasma. After it had been allowed to stand, some of this histamine diffused into the cells. In spite of the liberation of large quantities of histamine, the histamine content of the blood did not steadily rise. Anrep, Barsoum, and Talaat suggest that the histamine was removed from the blood by the lungs. I can only refer briefly to other recent work on the physiology of histamine.
Tarras-Wahlberg (1936) came to the conclusion that the histamine activity of the mixed venous blood in the right ventricle was increased either by asphyxia or by anaemia due to haemorrhage. These observations are consistent with the observations discussed above of the effects of asphyxia and anDemia on isolated parts of animals. Tarras-Wahlberg found that there was comparatively little increase in the histamine 6 3 1377 activity of the arterial blood. The histamine was apparently removed from the blood when it passed through the lungs. In confirmation of this view, Tarras-Wahlberg found that asphyxia and hmemorrhage produced a large increase in the histamine content of the lungs. The problem has been studied in another way by Ungar and his co-workers (1935) who used the gastric secretion as an indicator of changes in the blood histamine. In experiments with dogs they found that various forms of stimulus applied to other parts of the dog caused an increase in the gastric secretion which survived atropine, and was attributed to an increase in the blood histamine. The stimuli used were: (1) Antidromic stimulation of a sensory nerve;
(2) stimulation of the depressor reflex through the nerve to the carotid sinus; (3) intra-arterial injection of irritants in the femoral artery or of emboli into the cerebral vessels, or intestinal vessels; (4) the injection of antigen in a sensitized limb.
The possibility that these reactions were nervous was excluded by means of cross-circulation experiments in which the stimulus was applied to dog A and the gastric secretion occurred in dog B.
The main interest of these results seems to me to lie in the fact that they provide new evidence in support of the importance of antidromic impulses in sensory nerves; the results suggest that these nerves produce dilatation under physiological conditions by liberating histamine. The adjective " histaminergic " is proposed for these nerves. The evidence for the liberation of histamine by emboli is in accord with the evidence already discussed for the liberation of histamine as a result of occlusion of arteries.
It is clearly possible that disturbances in the histamine metabolism may play a part in the causation of disease. There is not yet much evidence of this, but some observations made in Cairo by Barsoum on burned patients have given suggestive results, which will be published before long.
